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$\bullet$ Lyubich-Minsky (conical point) , Martin-Mayer
1 Zalcman
$D$ $\mathbb{C}$ , $\mathcal{F}$ $D$ . Zalcman
, :
1.1 (Zalcman [Za]) $\mathcal{F}$ $z_{0}\in D$
, : $\{F_{n}\}_{n\in \mathbb{N}}\subset \mathcal{F}$ , $n_{k}arrow\infty$
$n_{k}\in \mathbb{N},$ $\rho_{k}arrow 0$ $\rho_{k}\in \mathbb{C}^{*}$ , $z_{k}arrow z_{0}$ $z_{k}\in D$
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1: Zalcman $\mathcal{F}=\{f^{n}\}$ ( $f$ ) .
, .
2 $f$ : $\overline{\mathbb{C}}arrow\overline{\mathbb{C}}$ ,
. . . $arrow^{f}\overline{\mathbb{C}}arrow^{f}\overline{\mathbb{C}}arrow^{f}\overline{\mathbb{C}}arrow^{f}$ . . .
.
$J_{f};=\{z_{0}\in\overline{\mathbb{C}}$ : $z_{0}$ $U$ $\{f^{n}|U\}$ $\}$
, $f$ Julia . 1 ( , $f^{n}$ $f$ $n$
. $)$ , $\mathcal{F}:=\{f^{n}\}_{n\geq 0}$ , Julia
.
Zalcman 70 .
Douady, Hubbard, Sullivan ,
.
, 90 , Schwick
Julia Fatou $Julia$
. ,
Schwick Bargmann $[Ba]$ , EBerteloot-Duval[BD],
Steinmetz [St],
Astala-Haissinsky [Ha], Martin-Mayer [MM] .
, ,
.
, $\searrow$ . ( McMullen
[Mcl] Zalcman .)










. , Bargmann, Berteloot-Duval
.
2.1
, $f^{n}(z)=z(n\in \mathbb{N}_{+})$ . $z$ ,
$f^{n}(z)=z$ $n$ $p$ . , $(f^{p})’(z)$
(multiplier) . 1 ,
(repelling periodic point) . $z$ $f^{p}$
$|(f^{p})’(z)|$ , .
, $\{f^{n}\}$ $z$ . , $z\in J_{f}$
.
, (1910 ) :
2.1 $($Fatou, Julia$)$ $J_{f}$ .
Fatou Julia (Milnor [Mi] ),
,
. , Schwick $[$Sch]
, . ([UTM,
225$]$ . )
$\blacksquare$ (Schwick) $\deg f\geq 5$ . Julia
, $n\geq 1$ $J_{f}$ $J_{f^{n}}$
. $f$ $f^{n}$ , $f$ $f^{3}$
.
, $E=\{\infty, f(\infty), f(c_{1}), \ldots, f(c_{N})\}$ . ,
$f$ (f’( ) $=0$ ) . Julia
( [Mi, \S 4]), , $z_{0}\in J_{f}-E$ ,
$\zeta_{k}$ , $karrow\infty$ $\zeta_{k}arrow z_{0}$ .
Zalcman $\mathcal{F}=\{f^{n}\}_{n>0}$ , $\psi_{k}(w)=f^{n_{k}}(z_{k}+$
$\rho_{k}w)arrow\psi(w)$ . , $\mathbb{C}$ ,
$\psi$ .
46
, $z_{0}\not\in E$ , 5 $p_{1},$ $\ldots,p_{5}$ $f(p_{i})=z_{0}$
. Nevanlinna (totally ramilied values)
, $w_{0}\in \mathbb{C}$ , $\psi’(w_{0})\neq 0$ $\psi(w_{0})=p_{i}$ $i\in\{1, \ldots, 5\}$
. ( [No, p. 18] .)
$f\circ f^{n_{k}}(z_{k}+\rho_{k}w)-(z_{k}+\rho_{k}w)arrow f\circ\psi(w)-z_{0}(karrow 0)$
, $w=w_{0}$ $0$ . Hurwitz ,
$w_{k}arrow w_{0}$
$fof^{n_{k}}(z_{k}+\rho_{k}w_{k})=z_{k}+\rho_{k}w_{k}$





. $\rho_{k}arrow 0$ , $k$ $\zeta_{k}$ . $\blacksquare$
[Nevanlinna ,
. , Bargmann[Ba] Berteloot-Duval[BD]
. $[BM|$ :
$\blacksquare$ ( ) $C:= \bigcup_{f’(c_{i})=0}\bigcup_{n\geq 0}f^{-n}(c_{i})$ , $z_{0}\in J_{f}-C$
. $(C$ , $z\in J_{f}$ $J_{f}$
. $)$ Picard , 3 $U\subset \mathbb{C}$ :
(1) $\psi(U)\cap J\neq\emptyset$ (2) $\psi(U)\subset \mathbb{C}$ (3) $\forall w\in U,$ $\psi’(w)\neq 0$ .
(1) $J_{f}\subset f^{m}(\psi(U))$ $m\geq 0$ (





$(f^{m})’(z_{0})\cdot\psi’(w_{0})$ , $z_{0}\not\in C$ $w_{0}\in U$ $0$ .
$\blacksquare$





. , . ( [Ka] .)
$\mathbb{C}$ $\mathbb{D}$ . $f$ : $\mathbb{D}\cross\overline{\mathbb{C}}arrow\overline{\mathbb{C}},$ $f$ : $(t, z)\mapsto$
$f_{t}(z)$ . , $f_{t}$ : $\overline{\mathbb{C}}arrow\overline{\mathbb{C}}$ $d\geq 2$ .
, $f$ $\mathbb{D}$ , . .
. , $c:\mathbb{D}arrow\overline{\mathbb{C}}$ , $c(t)=c_{t}$ $f_{t}$
. $(f,c)$ $c_{t}$ $f$
(marked critical point) . , $t=t_{0}$
, $\{t\mapsto f_{t}^{n}(c_{t})\}_{n\in N}$ $t_{0}$
. , $A(f, c)\subset \mathbb{D}$ ,
. , (bifurcation locus)
.
. , 2 $f$ : $(t, z)\mapsto z^{2}+3t$ , $c_{t}=0$ . ,
$A(f, 0)$ $M$ .
, :
22( ) $A(f, c)$ . ,
$to\in A(f, c)$ , $t_{k}arrow t_{0}$ $c_{t_{k}}$ .
, .
, $c_{t_{k}}$ $0$ . (superattracting)
. 1 ,
. , $c_{t_{k}}$
. , $\partial M$
2 .
$\blacksquare$ ( 1: ) $c_{t_{0}}$ (
, $\bigcup_{n\geq 0}f_{t_{0}}^{-n}(c_{t_{0}})$ 2 ), ,
. ( Puiseau
), $\{$at, $b_{t},$ $c_{t}\}$ , $f_{t}^{m}(a_{t})=f_{t}^{n}(b_{t})=c_{t}$
$m,$ $n\geq 1$ .
$\{t\mapsto f_{t}^{n}(c_{t})\}$ $t=t_{0}$ , Montel ,
$t_{k}arrow t_{0}$ $n_{k}arrow\infty$ , $f_{t_{k}}^{n_{k}}(c_{t_{k}})\in\{a_{t_{k}}, b_{t_{k}}, c_{t_{k}}\}$ . , $c_{t_{k}}$
.
$c_{t_{k}}$ , $t=t_{k}$ $f_{t}^{p}(c_{t})=c_{t}$ $p\geq 1$
. $c_{t}$ $t=t_{0}$ . $\blacksquare$
$\blacksquare$ ( 2:Zalcman ) $t_{0}\in A(f, c)$ , Zalcman




23 $m\geq 0$ , $\psi_{m}$ : $\mathbb{C}arrow\overline{\mathbb{C}}$
$f_{t_{0}}^{m}\circ\psi_{m}=\psi_{0}$ .
$\blacksquare$ $k\gg 0$ $\{w\mapsto F_{n_{k}-m}(t_{k}+\rho_{k}w)\}$ ,
$\psi_{m}$ . $\blacksquare$ ( 23)
, $m\geq 1$ $f_{t_{0}}^{m}(z)=c_{t_{0}}$ , 3
$z_{0},$ $zi,$ $z_{2}$ . Picard ,
($z_{0}$ ) $\psi_{m}$ . $w_{0}\in \mathbb{C}$




$w_{k}arrow w0(karrow\infty)$ . $s_{k}:=t_{k}+\rho_{k}w_{k}$ , $s_{k}arrow t_{0}$





, $\mathcal{F}$ 2 $\{f_{c}^{n}\}_{n\in N}$ ( $c$
Mandelborot ) . ,
, Schwick , 2 .
Mandelbrot Misiurewicz . 2
$\{f_{c}(z)=z^{2}+c:c\in \mathbb{C}\}$
. , $c$ .
. Mandelbrot $M$
:
$M:=\{c\in \mathbb{C}:|f_{c}^{n}(0)|\leq 2(\forall n\in \mathbb{N})\}$ .
$c\in M$ , $f_{c}$ Julia :
$K_{c};=\{z\in \mathbb{C}:|f_{c}^{n}(z)|\leq 2(\forall n\in \mathbb{N})\}$
$J_{c};=J_{f_{c}}:=\partial K_{c}$ .
49
, Mandelbrot $\partial M$
$z=0$ . , $c$ $f_{c}(0)$ ,
(critical value) .
$\in\partial M$ , Misiurewicz :
$l,p\in \mathbb{N}_{+}$ , $a_{0}=f_{c_{0}}^{l}(c_{0})$ $p$ ( )
.
$c_{0}$ . ( ) 2
, $c_{0}\in\partial M$
. , $c_{0}$ .
$C\mathfrak{p}\in J_{co}=K_{c_{0}}$
. , $K_{c0}$ .
Mandelbrot Julia . , Tan Lei([TL])
:
$Tan$ Lei $c_{0}\in\partial M$ Misiurewicz , $z=c_{0}$
Julia $J_{c_{0}}$ , $c=c_{0}$ Mandelbrot
$M$ .
2: , Misiurewicz $c_{0}$ ( ) Julia
$\infty$
( ) . ,




Cor 8.12] $)$ :
3.1 (Poincar\’e , Koenigs) $\lambda_{0}:=(f_{co}^{p})’(a_{0})$ .
,
$w$ $\mapsto$ $f_{c_{0}}^{kp}(a_{0}+ \frac{w}{\lambda_{0}^{k}})$ $(k\in \mathbb{N})$
, $\psi(w)$
$\psi(\lambda_{0}w)=f_{c_{0}}^{p}o\psi(w)$
$\mathbb{C}$ . , $\psi(0)=a_{0},$ $\psi’(0)=1$
.
, $\mathbb{C}$ $w\mapsto\lambda_{0}w$ $\psi$ : $\mathbb{C}arrow\overline{\mathbb{C}}$
, $z=a_{0}$ ,
. $\psi$ Poincar\’e .
$z=c_{0}$
, . $A_{0}:=(f_{c0}^{l})’(c_{0})$ , $z=c_{0}$
$\Delta z$
$f_{c_{0}}^{l}(c_{0}+\triangle z)=a_{0}+A_{0}\cdot\triangle z+o(\Delta z)$
. ($c_{0}$ $A_{0}\neq 0$ .) $\Delta z=w(A_{0}\lambda_{0}^{k})$
, $karrow\infty$
$f_{c_{0}}^{kp}(a_{0}+ \frac{w}{\lambda_{0}^{k}})\sim f_{c_{O}}^{kp+l}(c_{0}+\frac{w}{A_{0}\lambda_{0}^{k}}+o(\lambda_{0}^{-k}))\sim f_{c_{0}}^{kp+l}(c_{0}+\frac{w}{A_{0}\lambda_{0}^{k}}):=\psi_{k}(w)$
$\mathbb{C}$ . , $n_{k}:=kp+l,$ $z_{k}:=$
$c_{0},$ $\rho_{k}:=1’(A_{0}\lambda_{0}^{k})$
$\psi(w)=\lim_{karrow 0}\psi_{k}(w)=\lim_{karrow 0}f_{c0}^{n_{k}}(z_{k}+\rho_{k}w)$
. , Zalcman .
Hausdorff . ,
. $\mathbb{C}$ ( ) Com$(\mathbb{C})$ .
$\{K_{k}\}_{k\in N}\subset$ Com$(\mathbb{C})$ , $K_{k}$ $karrow\infty$ $K\in$ Com$(\mathbb{C})$
, $\epsilon>0$ $k_{0}\in \mathbb{N}$ , $k\geq k_{0}$ $K\subset N_{\epsilon}(K_{k})$
$K_{k}\subset N_{\epsilon}(K)$ . , $N_{\epsilon}(\cdot)$ $\mathbb{C}$ $\epsilon$- .
, $r>0$ $\mathbb{D}_{r}$ . $K\subset \mathbb{C}$ ,
$[K]_{r}$ $(K\cap \mathbb{D}_{r})\cup\partial \mathbb{D}_{r}\in$ Com $(\mathbb{C})$ . , $a\in \mathbb{C}^{*}$




3.2 (Tan Lei [TL] ) , $\mathcal{J}:=\psi^{-1}(J)\subset \mathbb{C}$ .
, $q\neq 0$ , $r>0$ Hausdorff
:
(a) $[\rho_{k}^{-1}$ $($ $-c_{0})]_{r}arrow[\mathcal{J}]_{r}(karrow\infty)$
(b) $[q\rho_{k}^{-1}(M-c_{0})]_{r}arrow[\mathcal{J}]_{r}(karrow\infty)$
, :
3.3 $c_{0}\in\partial M$ Misiurewicz , $\lambda\neq 0$ ,
$\Phi_{k}(w):=f_{c_{0}+\lambda\rho_{k}w}^{n_{k}}(c_{0}+\lambda\rho_{k}w)$
Poincar\’e $\psi(w)$ $\mathbb{C}$ .
, $\lambda=q^{-1}$ . , .
$\blacksquare(a)$ . $f_{c_{0}}^{n}(J_{c_{0}})=J_{CQ}$ , $[\rho_{k}^{-1}(J_{c_{0}}-c_{0})]_{r}=[\psi_{k}^{-1}(J_{c0})]_{r}$ .
$[\mathcal{J}]_{r}=[\psi^{-1}(J_{c_{0}})]_{r}$ $\psi_{k}arrow\psi$ $\mathbb{C}$ ,
. $\blacksquare$
$\blacksquare(b)$ . $\mathcal{M}_{k}:=q\rho_{k}^{-1}(M-c_{0})$ . , $\epsilon>0$
$karrow\infty$
$[\mathcal{M}_{k}]_{r}\subset N_{\epsilon}([\mathcal{J}]_{r})$ $[\mathcal{J}]_{r}\subset N_{\epsilon}([\mathcal{M}_{k}]_{r})$
.
$\overline{\mathbb{D}}_{r}-N_{\epsilon}(\mathcal{J})$ , $N=N(\epsilon)$
$|f_{c0}^{N}\circ\psi(w)|>2$ $w\in \text{ _{}r}-N_{\epsilon}(\mathcal{J})$ . $\Phi_{k}(w)$
$\psi(w)$ $\mathbb{C}$ ( 33),
$|f_{co+\lambda\rho_{k}w}^{N+n_{k}}(c_{0}+\lambda\rho_{k}w)|>2$
$k\gg O$ . $c_{0}+\lambda\rho_{k}w\not\in M$ . , $w\not\in \mathcal{M}_{k}$
. , $[\mathcal{M}_{k}]_{r}\subset N_{\epsilon}([\mathcal{J}]_{r})$ . .
, $[\mathcal{J}]_{r}$ $E\subset[\mathcal{J}]_{r}$ , $E$ $\epsilon/2$- $[\mathcal{J}]_{r}$
. , $w_{0}\in E$ , $w_{k}\in[\mathcal{M}_{k}]_{r}$ ,
$|w_{0}-w_{k}|<\epsilon’ 2$ $k\gg O$ .
$\Delta$
$w_{0}$ $\epsilon’ 2$ . $\triangle\cap\partial \mathbb{D}_{r}\neq\emptyset$ , $w_{k}$




$w_{0}|<\epsilon’ 4$ $\psi(w_{0}’)$ $m$ . ,
$\chi$ : $w\mapsto f_{c_{0}}^{m}(\psi(w))-\psi(w)$ $w=w_{0}’$ .
52
$\chi_{k}:w\mapsto f_{co+\lambda\rho_{k}w}^{m}(\Phi_{k}(w))-\Phi_{k}(w)$ . $\Phi_{k}$ $\psi$ $\mathbb{C}$
, $\chi_{k}$ $k\gg O$ $|w_{k}-w_{0}’|<\epsilon/4$ $w_{k}\in\Delta$
. , $c_{k}:=c_{0}+\lambda\rho_{k}w_{k}$ $f_{c_{k}}^{n_{k}+m}(c_{k})=f_{c_{k}}^{n_{k}}(c_{k})$ . $c_{k}\in M$
. , $|w_{k}-w_{0}|<\epsilon/2$ $w_{k}\in \mathcal{M}_{k}$ . $\blacksquare$
, 33 . $c_{0}$ (semi-hyperbolic)
Misiurewicz , , Mandelbrot
Julia . ( Rivera-Letelier[RL]








. 80 , D. Sullivan ,
Klein , ,
. ( , [UTM] .)
Klein $\Gamma$ , M\"obius $PSL(2, \mathbb{C})$
. , $PSL(2, \mathbb{C})$ 3 $\mathbb{H}^{3}$
, $\mathbb{H}^{3}’\Gamma$ 3 ( ) .
, Klein 3 .
, $\mathbb{H}^{3}$
, Klein .
90 , M. Lyuibich Y. Minsky
[LM] . , 3
,
.








$f$ : $\overline{\mathbb{C}}arrow\overline{\mathbb{C}}$ 2 , $\mathcal{F}:=\{f^{n}\}$
. Julia $J=J_{f}$ $z_{0}$ , Zalcman
$\psi$ $f$ $z_{0}$ Zalcman (Steinmetz
[St] $)$ . $\mathcal{Z}(z_{0})=\mathcal{Z}_{f}(z_{0})$ .
$J$ , $\mathcal{Z}(\infty)$ $\mathcal{Z}(\infty):=\{1’\phi:\phi\in \mathcal{Z}_{F}(0)\}$




4.1 1. $\psi\in \mathcal{Z}$ , $f\circ\psi\in \mathcal{Z}$ . , $\psi_{1}\in \mathcal{Z}$ ,
$\psi=fo\psi_{1}$ .
2. $\delta$ : $\mathbb{C}arrow \mathbb{C}$ . , $\psi\in \mathcal{Z}$ $\psi\circ\delta\in \mathcal{Z}$ .
. $\mathbb{C}$ ,
$\mathcal{U}$ . , Aff .
$\psi\in \mathbb{C}$ , $f\circ\psi\in \mathcal{U}$ $\psi\circ$ Aff $\in \mathcal{U}$ , $f\circ \mathcal{U}\subset \mathcal{U}$
$\mathcal{U}\circ$ Aff $=\mathcal{U}$ .
, $\mathcal{U}$ $\mathcal{Z}$ , $f$





Lyubich-Minsky . $\overline{\mathbb{C}}^{N}$ $\hat{z}=(z_{0}, z_{-1}, z_{-2}\cdots)$ $f$
(backward orbit) , $f(z_{-n})=z_{-n+1}$ . $\psi\in \mathcal{U}$
$\hat{z}$ Lyubich-Minsky ( LM ) ,
$\{n_{k}\}\subset\{n\},$ $\rho_{k}\in \mathbb{C}^{*}$ $\rho_{k}arrow 0$ , : $\overline{\mathbb{C}}arrow\overline{\mathbb{C}}$
$\ovalbox{\tt\small REJECT}(0)=z_{-n_{k}}$ ,
$\psi_{k}(w);=f^{n_{k}}\circ T_{k}(\rho_{k}w)$
$\psi(w)$ $\mathbb{C}$ . LM
$\mathcal{L}\mathcal{M}=\mathcal{L}\mathcal{M}_{f}$ . , :
54
42 $LM$ $\mathcal{L}\mathcal{M}$ , $\mathcal{Z}$ . , $f\circ \mathcal{L}\mathcal{M}=\mathcal{L}\mathcal{M}$
$\mathcal{L}\mathcal{M}\circ Aff=\mathcal{L}\mathcal{M}$ .
Lyubich-Minsky . $\hat{\mathcal{U}}:=\mathcal{U}^{\mathbb{N}}$ . $\psi_{0}$ $\mathcal{L}\mathcal{M}$
,
$\hat{\psi};=(\psi_{0}, \psi_{-1}, \ldots)\in\hat{\mathcal{U}}$
$f\circ\psi_{-n}=\psi_{-n+1}\in \mathcal{L}\mathcal{M}$ . ( $f\circ \mathcal{L}\mathcal{M}=$
$\mathcal{L}\mathcal{M}$ . ) , $\overline{\mathcal{L}\mathcal{M}}$ $\hat{\mathcal{U}}$ $\hat{\psi}$ . $\hat{\psi}$
, $w=0$ , $\hat{z}=(z_{-n})$ $\psi_{-n}(0)=z_{-n}$
.
, : $\mathcal{U}$ $\phi,$ $\psi$ $c*$- ,
$a\in \mathbb{C}^{*}$ , $\phi(w)=\psi(aw)$ $w\in \mathbb{C}$
. , $\hat{\mathcal{U}}$ $\hat{\phi},\hat{\psi}$ $\mathbb{C}^{*}$- , $n$ $a\in \mathbb{C}^{*}$
, $\phi_{-n}(w)=\psi_{-n}(aw)$ $n\in \mathbb{N},w\in \mathbb{C}$ .
$\mathbb{C}^{*}$- $\mathcal{U}$ $\hat{\mathcal{U}}$ $\mathcal{U}’ \mathbb{C}^{*}$ $\hat{\mathcal{U}},\mathbb{C}^{*}$ . $\hat{\mathcal{U}},\mathbb{C}^{*}$
$\overline{\mathcal{L}\mathcal{M}},\mathbb{C}^{*}$
$\mathcal{A}=\mathcal{A}_{f}$ , Lyubich-Minsky
( , LM- ) . Lyubich
Minsky $\hat{\mathcal{U}}/\mathbb{C}^{*}$ $\mathbb{C}$





, $\mathcal{U}$ $\mathcal{K}$ $f\circ \mathcal{K}=\mathcal{K}$ $\mathcal{K}\circ$ Aff $=\mathcal{K}$ ,
$\mathcal{A}$ Riemann $\mathcal{K}\mathcal{A}$
. , $\mathcal{K}$ .






Zalcman . 4.1 , $\mathcal{K}=\mathcal{Z}$
. $\mathcal{Z}\mathcal{A}=\mathcal{Z}\mathcal{A}_{f}$ , Zalcman
( , Z- ) . $\mathcal{L}\mathcal{M}\subset \mathcal{Z}$
, $\mathcal{A}\subset \mathcal{Z}\mathcal{A}$ . ,
? $\mathcal{Z}=\mathcal{L}\mathcal{M}$ , $\mathcal{Z}\mathcal{A}=\mathcal{A}$
55
. , $Z$alcman Lyubich-Minsky
.
. $z_{0}\in\overline{\mathbb{C}}$ , (grand orbit) GO$(z_{0})$ , $m,$ $n\in \mathbb{N}$
$f^{m}(z_{0})=f^{n}(\zeta)$ $\zeta\in\overline{\mathbb{C}}$ . ,
$(f^{m})’(z_{0})\neq 0$ $(f^{n})’(\zeta)\neq 0$ $\zeta$ (univalent
grand orbit) , $UGO(z_{0})$ .
, $P=P_{f}$ $f$ (post critical set) $\overline{\{f^{n}(c)}$: $n\in \mathbb{N}+,$ $f’(c)=0\
.
4.3 ( ) $f$ , $\mathcal{Z}$ $\mathcal{L}\mathcal{M}$ :
$(*)$ $z_{0}\in J$ , $z_{0}’\in UGO(z_{0})-\{z_{0}\}$ $z_{0}\not\in P$
.
, Z- $\mathcal{Z}A$ LM- $\mathcal{A}$ .
, $(*)$ . , (i.e. $J$
) . , $(*)$
$f(z)=z^{2}-2$ $z_{0}=2$ .
, .
4.4 $z_{0}\in J$ $\zeta_{0}\in UGO(z_{0})$ , $\mathcal{Z}(z_{0})=\mathcal{Z}(\zeta_{0})$ .
45 $\zeta_{0}\in J-P$ , $\mathcal{Z}(\zeta_{0})$ $\mathcal{L}\mathcal{M}$ .
, :
. $\mathcal{Z}=\mathcal{L}\mathcal{M}$ $\mathcal{Z}\mathcal{A}=\mathcal{A}$ $f$ .
Steinmetz . Steinmetz $[$St $]$ , $f$ , $\{\zeta\in J$ : $\mathcal{Z}=Z(\zeta)\}$
. 43 ,
:
46 $f$ 4.3 $(*)$ , $\mathcal{Z}=\mathcal{Z}(\zeta)$ $\zeta\in J$
.





. ( [Pr] . ) Lyubich Minsky
56




, $\hat{f}$ : $\hat{\mathcal{U}}arrow\hat{\mathcal{U}}$ $\hat{f}$ : $(\psi_{-n})\mapsto(f\circ\psi_{-n})$ . $\hat{f}$ $\mathcal{U}$
$\mathbb{C}^{*}$ - , $\hat{f}$ : $\mathcal{A}arrow \mathcal{A}$ $\hat{f}$ : $\mathcal{Z}\mathcal{A}arrow \mathcal{Z}\mathcal{A}$
. $\hat{f}:\mathcal{Z}\mathcal{A}arrow \mathcal{Z}\mathcal{A}$ ,
.
$[\hat{\psi}]\in\hat{\mathcal{U}},\mathbb{C}^{*}F_{\llcorner}^{arrow}$ , $\hat{\psi}=(\psi_{0}, \psi_{-1}, \ldots)\in\hat{\mathcal{U}}$ ,
$\psi_{0}(0)$ . , $\hat{\pi}$ : $\hat{\mathcal{U}},\mathbb{C}^{*}arrow\overline{\mathbb{C}}$
$\hat{\pi}([\hat{\psi}]):=\psi_{0}(0)$ , .
, Lyubich Minsky ([LM, \S 8]) :
(Lyubich-Minsky ) Julia $z_{0}$ $\hat{\pi}(\tilde{z})=$
. $\tilde{z}\in \mathcal{Z}\mathcal{A}$ , $\{\tilde{z},\hat{f}\tilde{z},\hat{f}^{2}\tilde{z}, \ldots\}$ $\mathcal{Z}\mathcal{A}$
, (conical point) . ,
Martin-Mayer , LM- (LM-conical)
, $\Lambda_{LM}$ .
$\Lambda_{LM}$ , :
5.1 (Lyubich-Minsky, NILF on $\Lambda_{LM}$ ) $f$ $\Lambda_{LM}$
, Lattes .
Lattes , , 2 1
.




$J=\Lambda_{LM}$ . , Julia
.
LM , :
52 $($LM- $)$ $z_{0}\in J$ , :
(LMl) $\psi\in \mathcal{Z}(z_{0})$ ,
$\psi(w)=\lim_{karrow\infty}\psi_{k}(w);=\lim_{karrow\infty}f^{n_{k}}(z_{0}+\rho_{k}w)$
. , $\mathbb{C}$ .
57
(LM2) $z_{0}$ LM- .
(LM3) $\tilde{z}\in \mathcal{Z}\mathcal{A}$ $\hat{\pi}(\tilde{z})=z_{0}$ , $\{\tilde{z},\hat{f}\tilde{z},\hat{f}^{2}\tilde{z}, \ldots\}$
$\mathcal{Z}\mathcal{A}$ .
$z_{0}=\infty$ , $M\ddot{o}$bius (LMl) .
Haiissinsky-Martin-Mayer NILF . Lyubich Minsky
, Haissinsky [Ha] , Martin Mayer [MM]
NILF Zalcman . [MM]
, . ( ,
Astala-Haissinsky [Ha] Steinmetz [St] . )
(Martin-Mayer ) Julia $z_{0}\neq\infty$ MM$\sim$ (MM-
conical) , $n_{k}\in \mathbb{N},$ $\rho_{k}\in \mathbb{C}^{*}$ $\rho_{k}arrow 0$
, $\psi_{k}(w)=f^{n_{k}}(z_{0}+\rho_{k}w)$ $\psi$ : $\mathbb{D}arrow\overline{\mathbb{C}}$ $\mathbb{D}$
.
$z_{0}=\infty$ , $F(w)=1/f(1/w)$ $0$
MM . (LMl) , $\psi=\lim\psi_{k}$
$\mathbb{C}$ , $\mathbb{D}$ . MM
, :
53([Ha, MM]) $z_{0}\in J$ , :
(MMO) $d\in \mathbb{N}$ $r>0$ , $D_{n}$ $:=B(f^{n}(z), r)$ $z_{0}$
$f^{-n}(D_{n})$ $D_{n}$ $n\in \mathbb{N}$ $\deg(f^{n}:D_{n}’arrow D_{n})\leq d$
.
(MMl) $z_{0}$ MM- .
, $B(x, r)$ $x$ $r$ . (MMl)
(LMl) ,
5.4 $\Lambda_{LM}\subset\Lambda_{MM}$ .
. $($ $(LM2)$ $(MM0)$ [LM, Prop.8.7]
. )
5.1 , ([$Ha$ , Prop. 5.2] and [MM, Thm. $1.2|)$ :




, LM$\sim$ MM- . (germ topology)
, [KL] . , [BS]
.
$\mathcal{V}$ .
$\psi\in \mathcal{V}$ (germ) ,
. ( , $\mathbb{C}$ Riemann
.) $\psi_{n}\in \mathcal{V}$ $\psi\in \mathcal{V}$
, $D$ , $\psi|_{D}$ $\psi_{n}|_{D}n\gg O$
, $\psi_{n}$ $\psi$ $D$ .
$f$ , $a\in \mathbb{C}^{*}$ $\psi\in \mathcal{V}$ $f\circ\psi(w)\in \mathcal{V}$
$\psi(aw)\in \mathcal{V}$ . $fo$ : $\mathcal{V}arrow \mathcal{V}$
$\mathcal{V}/\mathbb{C}^{*}$ . $\mathcal{U}’ \mathbb{C}^{*}$ $\mathbb{C}$
, $V/c*$ $\mathbb{C}^{*}$
, . , $\mathcal{Z}$ $\mathcal{V}$ , Zalcman
$\mathcal{Z}\mathcal{G}$ $\mathcal{Z}’ \mathbb{C}^{*}$ $\mathcal{V}\prime \mathbb{C}^{*}$ . 2
, :
56(MM- ) $z_{0}\in J$ , :
(MMl) $z_{0}$ MM- .
(MM2) $\tilde{z}=[\psi]\in \mathcal{Z}\mathcal{G}$ $\psi(0)=z$ ,
$\{\tilde{z},\hat{f}\tilde{z},\hat{f}^{2}\tilde{z}, \ldots\}$ $\mathcal{Z}\mathcal{G}$ .
(MM3) $=[\psi]\in \mathcal{Z}\mathcal{G}$ $\psi(0)=z$ ,
$\{\tilde{z},\hat{f}\tilde{z},\hat{f}^{2}\tilde{z}, \ldots\}$ $\mathcal{Z}\mathcal{G}$
5.2 (LMi) , (MMi) $(i=1,2,3)$
. $(\mathbb{C}$ $\mathbb{D})$ ,
. , 56 52
. , 5.5 , Lyubich
Minsky 5.1 ([LM, Proposition 8.9])
.
. (MMO) (LMO) ? , LM-
.
2 , $\mathcal{V}^{N}/\mathbb{C}^{*}$ . , 56
.
59
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